A brief description is given of the study of West Bohemian uranium miners, and recent and ongoing efforts to improve the quality of the data are summarized. Three recent analyses of the data from the cohort have led to rather different estimates of the excess relative risk of mortality from lung cancer per working-level month. The reasons for these different estimates are described, and it is concluded that estimates of lung cancer risk are strongly influenced by the quality of the exposure estimates, especially by the omission of some exposures accumulated during employment at other uranium mines, following the closure of most of the shafts at the original two mines. The most recent analysis has shown that, in common with other cohorts of radon-exposed miners, the excess relative risk of lung cancer per working-level month is modified by age and time since exposure. An inverse effect of exposure rate was also demonstrated, but it affected only men at very high concentrations and appears to be related to the time pattern of exposure. In addition, the risk was found to differ between the two main mines, possibly due to the influence of arsenic in the dust of the mines. -Environ Health Perspect 1 03(Suppl 2): 55-57 (1995) 
Introduction
Studies of underground miners of uranium and other substances are at present the principal source of information on the effects of exposure to radon gas and its progeny. One of the largest such studies is that of uranium miners in west Bohemia. This study, sometimes referred to as the S cohort, was set up in 1970 by the late Josef Sevc. Recently, three analyses have been carried out that give rather different quantitative estimates of the lung cancer risk experienced by the men in the cohort (1) (2) (3) . It is the purpose of this article to explain the reasons for these different estimates and to summarize the most recent results.
Methods Study Population and Follow-Up
The study population was (3) . In addition, some men also worked at other Czechoslovak uranium mines, and, for some of the men, this involved exposures that had not previously been taken into account. Therefore, in early 1993 a major revision of the exposure estimates was carried out estimating the exposure each man received during each month of his employment (3).
Recent Results
During the last year three, somewhat different, overall risk estimates have been reported for this study. First (1) is that it was assumed that, in the absence of exposure to radon, the age-and calendar-year-specific mortality rates from lung cancer for the men in the cohort would have been identical to those for men in Czechoslovakia as a whole. For example, if a similar assumption is made for the data used in the most recent analysis (3), the estimated ERR/WLM is 1.89% (95% confidence interval 1.72-2.08%), not very different from that obtained for the earlier data set; but if two additional parameters are included in the model, allowing for age-dependent departures in the baseline lung cancer rate from the national values, the estimated risk coefficient drops by a factor of three to the value of 0.64% given in (3) and referred to above.
In contrast, the difference between the risk estimate per unit exposure of 0.34% reported for the Czech cohort in the joint analysis (2) and the more recent value of 0.64% (3) was primarily due to the changes and improvements in the data that have become available during 1992 and 1993. Investigations show that revision of the exposure estimates had a larger influence than improvement of the follow-up. In fact, the methodology used to derive these two estimates was not quite identical: for the joint analysis, the national mortality rates for lung cancer were not used, and comparisons were made internally after stratification by calendar year and age. However, this methodologic difference had a negligible effect on the results. When the data supplied for the joint analysis were reanalyzed using the national lung cancer mortality rates but allowing for an age-dependent intercept, as in Tomrigek et al. (3) , the ERR/WLM remained virtually unchanged at 0.35%. However, when the more recent data were analysed omitting the national rates but stratifying on age, the resulting risk estimate was 0.66%, very similar to that reported in the same study (3) .
Factors Influencing the Fxcess Relative Risk per Working-Level Month
The most recent analysis of the revised data included an extensive investigation of the factors affecting the estimated ERR/WLM (3). As would have been expected from the earlier analysis by the United States National Academy of Sciences of data from four cohorts of miners in North America and Sweden (6), attained age and time since exposure were strong modifiers of risk.
When the analysis was limited to men who had never worked in a shaft with exposure rate above 10 working levels (WL), age-specific excess relative risk was found to increase linearly with timeweighted cumulative exposure and did not depend on exposure rate or duration of exposure. Unexpectedly, it was also found that the ERR/WLM was substantially higher for men who spent more than 20% of their employment at Jachymov than for other men, who spent the majority of their underground employment at other mines, mainly Horni Slavkov. The reasons for this difference are unclear, but one possible explanation is that arsenic in the dust of the Jachymov mine may also be influencing lung cancer risk among the men who worked there.When the analysis also included men who worked in mine shafts where radon concentrations were very high, the relationship between excess relative risk and time-weighted cumulative exposure was nonlinear and depended on both exposure rate and duration of exposure in addition to the above factors. The nature of this dependence is still uncertain. However, some time ago it was suggested by Sevc, on the basis of data up to 1980, that the time pattern of the exposure rate might influence subsequent risk, with high exposure rates occurring after several years of underground employment causing relatively low subsequent risks, possibly through an effect of cell sterilization on cancers already induced during the initial few years (7) .
The very high exposure rates that could influence the process occurred only in the first 5 years of employment. Later exposure rates were always below 4 WL. Therefore, men were subdivided into two groups on the basis of their exposure rate in years 3 to 5 of employment: those who in this period were exposed at a rate of no more than 8 VWL were placed in group 1, even if they had experienced higher exposure rates in their first 2 years of employment, while men who had experienced exposure rates of 8 WL or above in years 3 to 5 of their employment were placed in group 2. As usual, men were entered into the analysis at the end of their fifth year after commencement of employment. The ratios of observed to expected deaths by categories of time-weighted exposure are given in Table 1 Institute of Public Health on the radon concentrations in the mines and on the employment histories of the men. As the impact of the exposure revision, and especially of the inclusion of additional periods of employment at other uranium mines after leaving Jachymov or Horni Slavkov, on the estimated ERR/WLM was so great, a systematic search is now being undertaken among all men who were below the retirement age for miners at the time they left Jachymov or Horni Slavkov. The aim is to ascertain whether any of them were subsequently employed at other uranium mines in Czechoslovakia. In addition, further efforts are being made to classify the new cases of lung cancer by histological type to enable type-specific analyses.
